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ABSTRACT
Of immediate concern to the Department of Health, Education, and 
Welfare, United States Public Health Service, has been the increasing 
use of insecticides in improving agricultural yields for the ever- 
increasing world population requirements. It is characteristic of 
some insecticides that their stability is an inherent characteristic 
of their efficacy.- Thus, there has been a reported increase in insect­
icidal residues in the soil and incorporation in and on food which the 
public consumes. The effect of these insecticidal residues on animals 
and humans has become a new and important area of concern and invest­
igation, especially in the realm of the interrelationship of 
insecticidal residues and microorganisms. Thus, this investigati.on 
was undertaken to study the effect of selected microorganisms on a 
specific insecticide, Endrin. These investigations included the study 
of microorganism tolerances to Endrin as well as utilization of 
Endrin by the microorganisms as a carbon source for growth and 
reproduction.
Numerous organisms were tested to determine their tolerance to the 
pesticide Endrin. Only two of those tested, Aerobacter aerogenes and 
Pseudomonas aeruginosa, were able to tolerate concentrations of 
Endrin up to 3,000 parts per million (ppm). Three unidentified 
marine organisms (designated as la, 8a, and 62a) obtained from the 
Velsicol Chemical Corporation were also tolerant to this concentration of 
Endrin.
All five of these organisms were then subjected to further study. 
These organisms were grown In the presence of Endrin, which was the 
only carbon source, for varying periods of incubation, ranging from 
one to four weeks. After incubation the remaining Endrin was extracted 
and determined quantitatively on a gas chromatograph. The results 
showed that while all of the organisms were utilizing Endrin as a 
carbon source, the greatest utilization was by Aerobacter aerogenes 
and the marine organisms. A erobacter aerogenes utilized up to 27.8% of 
the original Endrin sample, while the marine organisms utilized up to 
55.37» of the original Endrin sample for its growth and reproduction.
Results of statistical analysis showed that in the presence of 
Aerobacter aerogenes and the marine organisms la, 8a, and 62a the 
Endrin present was significantly decreased as compared to an uninoc­
ulated control sample.
These findings indicated that the microorganisms were capable of 
biodegradation of Endrin. This action could probably be attributed to 
extracellular enzymes, which would be capable of altering the Endrin 
molecule for utilization as a carbon source.
From these results, it appears that there is a definite relation­
ship between the microorganisms studied and utilization of Endrin as 
a carbon source for growth and reproduction. This relationship should 




In 1963 massive fish kills were reported; upon preliminary 
investigations these kills were attributed to vai'ious pesticides, 
including Endrin, These reports, coupled with the .book The Silent 
Spring by Rachel Carson, dramatically called this potential menace to 
the immediate attention of the public. From this beginning, insecticide 
and pesticide investigations have blossomed. Today primary interest 
in many quarters has been focused on this subject. Although it seems 
that this problem is not as immediate as originally believed, it is 
still vitally important in our world. In this research various 
organisms were surveyed to determine their relative tolerance- to 
Endrin, with the expectation that a few organisms would be found that 
were able to withstand high concentrations of this pesticide. If a 
few of these organisms could be found that were able to withstand 
high concentrations of Endrin, they could be investigated under 
various conditions,.to determine whether they were simply resistant 
to Endrin or actually utilized the pesticide for metabolism and 
growth.
Endrin (1, 2, 3, 4,10, lO^iexachloro-6 , 7 epoxy-1, 4, 4a, 5, 6 , 7,
8 , 8a-octahydro-l, 4, endo, endo-5, 8 -diinethanonaphthalene) is a 




Figure 1 Endrin formula.
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Endrin has a molecular weight of 373.94 and its empirical formula 
is C-^HgOClg. ■I-t ^as keen found to be highly toxic to insect pests 
associated with crops such as cabbage, potatoes, tobacco, grains, and 
forages. This molecule tends to be stable in the presence of alkaline 
pH values, but is changed in the presence of an acid environment. 
Endrin is a white, crystalline solid with a melting point of 200°C.
It has been found to be moderately soluble in alcohols, paraffins and 
xylene. Its solubility in water seems to depend upon the form or 
state of the Endrin itself.
In recent years Endrin has become very important in agriculture. 
The use of this chemical and others.like it has resulted in enormous 
advances in agricultural production, thereby providing more food for 
the world’s population. This investigation was undertaken to study 
the interrelationship between microorganisms and Endrin.
REVIEW OF LITERATURE
The problem of insecticide pollution first became a center of 
national controversy in the spring of 1963, when massive fish kills 
were reported. This started speculation as to the possible hazards 
of various insecticides on the world population. This controversy has 
caused agencies of the federal government and numerous other investi­
gators to become interested in the problem, thereby stimulating 
considerable research on the subject. The terms insecticides or 
pesticides refer to a wide variety of poisons, which have many appli­
cations for such uses as killing insects in the house or spraying 
fields, Thoman and Nicholson (1963) estimated that approximately 
90 million acres of land in the United States was treated with some sort 
of poison. From this figure, it is evident that the problem was of 
great-importance, due to tlie widespread use of insecticides.
Host of the important insecticidal compounds are organic phos- 
phorlyated compounds. These organic phosphorous insecticides exert 
their toxic action by inhibiting a specific enzyme, cholinesterase 
(Weiss 1961), This is not true in the case of Endrin or other chlor­
inated hydrocarbons, where no enzyme effect has been shown. According 
to the pollution-caused fish kills reports numbers 1, 2, and 3 of 
1960, 1961, and 1962 the Public Health Service asked all state fish 
and game conservation agencies to report fish kills attributed to 
pollutants entering streams and lakes. Responses showed 32% of all 
fish kills in 1960 v?ere caused by agricultural chemicals. The
4
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results of.these tests necessitated another series of tests in 1961 and 
1962. It was shown in 1961 that 21% of the fish kills were caused by 
agricultural chemicals. Similarly, in 1962, agricultural chemicals 
were found to be the culprit in 16% of the cases studied.- This in 
turn led to investigations throughout the country when massive fish
kills were found. Young and Nicholson (1951) reported what they ....
they thought to be the first large scale fish kill caused by insecti­
cides. They attributed major kills in fifteen streams of the Tennessee 
River in Northern Alabama to Toxaphene and other insecticides applied 
to cotton. These insecticides resulted in a total eradication of the - ■ 
fish population in Flint Creek, Alabama.
Fitzwater (1953) reported that a plane carrying one galbn of pure 
Endrin crashed in a bayou. Upon investigations of a report of fish 
kills, he found that Endrin resulted in the death of all 'fish and 
reptiles, including 42 alligators, within a 35 mile radius of the crash. 
Since evidence had been increasingly implicating Endrin as the cause 
of numerous fish kills, researchers began studying this compound.
The investigations of Iyatomi (1958) demonstrated that the toxicity 
of Endrin increased at higher temperatures. This indicated that 
climatic conditions are very important for Endrin toxicity.
More recently Thoman and Nicholson (1963) surveyed surface waters 
to determine the insecticide content. Along with Endrin in the waters 
they found, DDT, Dieldrin, Toxapnene, Parathion, Lindane, Diazinon, 
and the herbicides 2, 4,-D, and Fenuo. Upon finding Endrin in numerous 
waters, investigators began quantitatively to examine the content of 
these waters for Endrin. Langor (1964) found Endrin in fish tissue
6
up to 7 ppb and also found from 0.03 ppb to 0,05 ppb in water,
Novak and Rao (1965) analyzed samples of catfish, shrimp, and 
oysters from the lower Mississippi River and found traces of Endrin in 
catfish; the highest level recorded in this study was 0.02 ppm found 
in catfish. They concluded that there was no significant Endrin con­
tamination of the lower Mississippi River. Determination of safe levels 
of Enclrin and the animals to which these levels applied was next studied. 
Mount (1962) exposed Bluntnose minnows and guppies to varying concentra­
tions of Endrin. lie found that survival for extended periods exceeded 
507» at 0.4 ppb-and 1007. at 0,1 ppb, but at 0.75 ppb. and higher death, 
occurred within s29 day period.
The effect of Endrin on other animals was also tested, Sherman and 
Rosenberg (1953) fed chickens various levels of Endrin in capsule form 
and found 3.5 milligrams of Endrin per kilogram in 7-day chickens were 
lethe'l between 6 hours and 5 days. Dewitt (1956) reported that 10 ppm 
Endrin fed to adult pheasants during the reproductive period reduced 
"hatchability" of eggs and survival of young. A study conducted by 
Ely (1957) showed that Endrin is less toxic for mammals than fish.
This study showed that 1.5 milligrams of Endrin per kilogram of cattle 
tissue was toxic and when cattle were fed 20 milligrams or more per 
day, measurable amounts of Endrin appeared in their milk. Experiments 
carried out by Emerson (1.964) showed that administration of Endrin to 
dog;s caused hypertensive convulsions, increased body temperature, 
leucocytosis, and decreased blood pH. Most of these conditions seem 
to be caused by Endrin exerting an effect on the central nervous, system, 
although other factors may also produce this same action.
The effect of Endrin on productivity of natural phytoplankton hag 
been, studied. The Pesticide-Wildlife Studies (1953) indicated that 
there was a decrease in the productivity of the phytoplankton community, 
during a 4 hour exposure to a 1.0, ppm concentration of insecticide,. If, 
was found that Endrin, DDT, Dieldrin, and Chlordane produced a decrease 
in productivity of 46, 77.2, 8 8 .8 , and 94%, respectively. This loss of 
the natural phytoplankton community also resulted in a corresponding 
reduction of various animal forms which fed on the phytoplankton.
The buildup of pesticide levels in waters and soils has led to 
investigations regarding the possibility of biodegradation of jpesticides. 
Wedemeyer (1966) tested the effects of Escherichis coli, Aerobacter 
aerogenes, or Klebsiella pneumoniae , and found that Aerobacter aerogenes 
markedly converted DDT (1,1,1-trichloro-2,2 bis (p-chorophenyl) ethane) 
to DDT (1,l-dichloro-2,2 bis (p-cblorophenyl) ethane). Wedemeyer 
found that Aerobacter aerogenes converted up to 807, of the DDT to DDD. 
This particular investigation indicated that microorganisms may play 
an important role in the breakdown of various pesticides.
The fear that the insecticide Malathion was building up in the 
orchards of Ohio led two researchers, Matsumura and Boush (1966), to 
test the effects of various organisms on the concentration of Malathion 
in these soils. They found that Malathion was metabolized quickly by a 
soil fungus Trichoderma viride, and a soil bacterium, Pseudomonas sp., 
Raghu and MacRae (1966) showed that the insecticide benzene hexachloride 
persisted longer in sterilized soils than in nonsterilized soils.
They used samples of soil that contained certain amounts of benzene 
hexachloride and measured the quantities that remained after certain 
periods of incubation. The researchers showed that the nonsterilized
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soil containing microorganisms reduced the amount of benzene hexachloride 
far more than the sterilized soil. Reports of microbial degradation 
of chlorinated hydrocarbon pesticides were few, but Wurste-r et al. (1965) 
demonstrated that a yeast and a few bacteria converted DDT to DDD.
According to Chacko and Lockwood (1966) several Actinomycetes sp. 
degraded as much as 25% of the DDT in soil to DDD._ Recently Matsumura 
and Boush (1967) found that organisms isolated from soil samples were 
able to degrade Dield'rin. They found that two species of Trie ho derma, 
two species of Bacillus, and six species of Pseudomonas were able to 
degrade Dieldrin to some extent.
Bortha and Pramer (1967) found that soil microorganisms caused 
3,4, dichloropropionon anilide to decompose tc carbon dioxide and 3,4- 
d ichlo roan i1ine.
These articles reveal the recent interest in studies of the bio­
degradation of insecticides. As can be seen, very little definitive 




Procedures were developed to test the ability of microorganisms 
to withstand high concentrations of Endrin and to utilize it as a 
carbon source. The organisms tested in these experiments and the 
media on which they were cultured are found in the appendix. All 
bacteria are pure strain cultures obtained from the American Type 
Culture Collection, Washington, D.C. The fungi were donated by the 
Louisiana State Diagnostic Laboratory, Baton Rouge, Louisiana from 
pure cultures isolated from animals. Three unidentified marine 
organisms (designated la, 8a, and 62a) were obtained from the Veliscol 
Chemical Corporation, Chicago, Illinois. Most of these organisms 
were incubated 7 days in Difco Bacto-Nutrient Broth. Azotobaeter 
vinelandii were grown in Burk's mineral salts (Wilson and Knight 1952), 
and the various fungi tested were grown at 22°C for 7 days on Difco 
Bacto-Mycological Broth. The Azotobacter were incubated at 33°C on 
a shaker and the other organisms grown in nutrient broth were incubated 
at 37°C. Each one was cultured in concentrations of Endrin of 1, 10, 
100, and 1,000 ppm in the above medium. Sevei'al of these bacteria 
were then chosen for further tests in increased concentrations of 
Endrin. These organisms were cultured in 1, 10, 100, 1,000, 2,000, 
and 3,000 ppm Endrin,
Two species were selected for further study due to their good 
growth in relatively high concentrations of Endrin, The organisms 
chosen were A.erobacter aerogenes and Azotobacter vinelandii strain 0.
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Controls
Aerobacter aerogenes and Azo tobaeter yin eland 11 strain 0 were 
cultured in duplicate in a basal salt m e d i u m B u r k 1s medium, Burk's 
medium plus sucrose as a carbon source, and finally Burki medium with 
1,000 ppm Endrin as the sole carbon source. Azotobacter vinelandii was 
incubated at 33°C with continual shaking for 7 days, while Aerobacter 
aerogenes was incubated at 37°C for 7 days and then checked for growth 
as evidenced by an increase in cellular population.
With the information provided by the above test, further investi­
gations were undertaken. Cultures grown on Burk's medium with 1,000 ppm 
of Endrin were transferred to fresh Burk's medium with 1,000 ppm of 
Endrin to determine if growth was enhanced. In most extraction proce­
dures of Endrin for gas chromatographic work, hexane is used; therefore, 
a check was run on the possibility that the Aerobacter aerogenes might 
utilize the hexane as a carbon source. Thus, samples grown on nutrient 
broth were transferred to Burk's medium containing hexane as the sole 
carbon source and to Burk's medium containing 1,000 ppm Endrin in water.
A continued search for bacteria, yeast, and fungi with resistance 
to Endrin was now undertaken. Specifically, studies were undertaken to 
determine quantitatively Endrin utilization by Aerobacter aerogenes, 
Pseudomonas aeruginosa, and three species of marine organisms graciously 
supplied by the Velsicol Chemical Corporation from cultures obtained 
on exploration cruises in the Atlantic Ocean.
Endrin Utilization
The above organisms were grown in Burk's medium fortified with 
nitrogen, utilizing Endrin as the sole carbon source. Endrin was added 
in a concentration of 1,000 ppm. After the media was autoclaved and
the appropriate amount of Endrin added, a standard inoculum of 50,000
organisms per ml was inoculated into the tubes of media. In each of the' 
tests the sample was run in duplicate. The cultures were then incubated 
for 1, 2, 3, and 4.weeks. After the appropriate period of incubation, 
the inoculated tubes and controls were assayed to determine the amount 
of Endrin present. The Endrin was then extracted and injected into a 
gas chromatograph for quantitative analysis.
Extract ? on
Ten milliliters of chromatographically pure hexane were added along 
with the contents of the inoculated tubes and controls to individual 
separatory funnels and mixed. The hexane layer was separated and saved 
while the remaining layer was mixed with an additional 10 ml of hexane 
in a separatory funnel.- After the layers separated, the hexane layer was 
then pooled with the hexane layer from the first extraction. The remain­
ing liquid was again treated with pure hexane. The hexane layer from 
this third extraction was then pooled with those from the first two 
extractions. The remaining liquid layer was discarded. The pooled 
hexane layers were then eyaporated to dryness. This step was very imp­
ortant because any remaining water in the sample interferes v/ith the 
analysis in the gas chromatograph. After the Endrin residue was 
completely dried, it was redissolved in.l ml of hexane. One-tenth 
milliliter of this Endrin solution was placed in a 100 ml volumetric 
flask, which was filled to the mark of pure hexane.
This d i 1uted Endrin solution was then ready for injection into an 
Aerograph 682 Pcstilyzer and an Aerograph 680 Pestilyzer. Exactly 1 
microliter of solution was .injected into the gas chromatographs and 
analyzed with.column conditions indicated in Table I. The results of 
these tests were then compared to Endrin standards that were injected 
at the same time.
TABLE X
Conditions for gas-chromatograph analysis for Endrin 
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After each of the organisms was inoculated into Burk’s media and 
tested, it was decided to determine the amount of Endrin loss due to 
volatilisation, In order to do this samples were prepared as previously 
described, except no organisms were introduced into the tubes.
These samples were subsequently incubated at 37°C for 1, 2, 3, and 4 
weeks. At the end of each week each sample was extracted as previously 
described and analyzed for the loss of Endrin due to volatilization,
A series of samples were run comparing the controls with samples contain­
ing the organisms at 1, 2, 3, and 4 weeks.
Observations were made during the extraction procedures and gas 
chromatographic analyses to determine if any biodegradation products 




The results of the assay of bacteria species for growth in various 
concentrations of Endrin are shown in Table II. It should be noted 
also that the Azotobacter organisms were grown on Burk's mineral 
salts medium in these tests. These results indicated that a few 
organisms, Staphylococcus aureus , Bacillus subtil.is , Escherichia coli, 
Aerobacter aerogenes , Azotobacter vinelandii strain 0, Bacillus 
circulans , Sarcina luLea, and Achromobacter sp. will grow in the 
presence of 1,000 ppm Endrin. These bacteria showed a remarkable 
tolerance to Endrin by growing in this high concentration of Endrin.
As can be observed from Table II some organisms bad only slight growth 
in 10 ppm Endrin. The next group to be tested was a series of fungi 
that had been collected at different times. The results of these 
experiments are shown in Table III. It can be seen that good 
growth was obtained in 3 fungi grown in 1,000 ppm Endrin, slight 
growth in 1 fungi, and no growth in 1 strain. The results in Tables II 
and III indicated that some species were more resistant to Endrin than 
others; therefore, the bacteria that showed growth in a concentration 
of 1,000 ppm Endrin, as well as several strains of yeast, were selected 
for testing at higher concentrations of Endrin. Additional yeast 
assays were performed to confirm their sensitivity at low concentrations 
of Endrin. The results of these tests are shown in Table IV. The 
results in Table IV confirmed that: Aerobacter aerogenes and Pseudomonas
TABLE II
Assay of bacteria species for growth in various 
concentrations of Endrin.
Organism * Parts Per Mil lion (PPM)
1 10 100 1,000
Staphylococcus aureus -H* bb -H- bb CD
Bacillus subtilis bb bb -H- bb
Escherichia coli -H- bi­ H-b bb
Aerobacter aerogenes bb bb ++ bb
Azotobacter vinelandii, 
strain 0
bb bb bh bb
Azotobacter vinelandii, 
#12837
bb bb b b (2)
Alcaligenes sp. bb bb b bb
Pseudomonas aeruginosa bb bb bb - (3)
Escherichia freundii bb bb b b
Bacillus circulans bb bb bb bb
Bacillus mesenteroides bb bb bb -
Bacillus mycoides bb bb bb -
Sarcina lutes bb bb bb bb
Sarcina indica bb bb bb b
Bacillus megaterium bb b ++ b
Aerobacter cloacae bb bb bb b
Saccharomyces sp. bb +' - -
Pseudomonas dcnitrificans bb bi- •1 ■■
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Table II (Coat'd...
Organism Parts Per Million (PPM)__
1 10 100 1,000
Achromobac.ter sp. -H- ++ -H- ++
Staphylococcus citrus ++ -H- -B- -
Pseudomonas sturgezi ++ -H- ++. -
(1) ++ = good gro\7th (very turbid)
(2) +  = slight growth (slight turbidity)
(3) - = no growth (no noticeable turbidity)
* All organisms are pure strain cultures obtained Irom the American Type 
Culture Collection, Washington, D. C.
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TABLE III
Assay of selected fungi for growth in various 
concentrations of Endrin
Organism * Parts Per Million (PPM)
1 10 100 1,000
Fungus #1 -it -H- -H- H-i (1)
Fungus #2 -H- -H- -H- ++
Fungus ir3 H-i -tt -tt -1- (2)
Fungus #5 d't ++ -H- - (3)
Fungus #6 -H- ++ -H-
(1) -H- = good growth (very turbid)
(2) + = slight grov/th (slight turbidity)
(3) - = no growth (no noticeable turbidity)
* The different fungi were donated by the Lousiana State Diagnostic




Assay of selected bacteria for growth in various 
concentrations of Endrin
Organism * Parts Per Million (PPM)___
1 10 100 1,000 2,000 3,000
Pseudomonas denitrificans -I-+ -H- + - ■ -t- +
Bacillus mycoides -H- ++ -H- -t- - -
Pseudomonas aeruginosa ++ ++ 4-h -H- -H- ++ (1)
Aerobacter aerogenes ++ *H" -H- ++ -H-
Staphylococcus aureus -H- ++ -ff -H- + + (2)
Saccharomyces sp. Strain 1 ++. +-p + - - (3)
Saccharomyces sp. Strain 2 ++ ++ - - - -
Saccharomyces sp. Strain 3 ++ ++ + - - -
(1) -H- = good growth (very turbid)
(2) + = slight growth (slightly turbid)
(3) ~ = no growth (no notice&le turbidity)
* All organisms are pure strain cultures obtained from the American 
Type Culture Collection, Washington, D. C,
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aeruginosa V7ere able to survive and grow in a concentration of 3,000 
ppm of Endrin.
This indicated that these organisms were suitable for further 
studies. The Staphylococcus organism tolerated 1,000 ppm Endrin while 
* the Saccharomycees sp. was sensitive to Endrin concentrations above 
100 ppm. It was observed that Pseudomonas denitrif-icans and Bacillus - 
mycoides were only able tolerate concentrations of 100 ppm Endrin.
The results indicated that only two organisms have die ability to 
withstand large amounts (3,000 ppm) of Endrin and therefore were 
useful in the studies. Azotobacter vinelandii strain D, also showed 
some promise. Thus, a few tests were run with this organism. The 
good growth of Aerobacter aerogenes, Pseudomonas aeruginosa, arid 
Azotobacter vinelandii strain 0 in up to 3,000 ppm of Endrin led to the 
possibility that these organisms could be utilizing the Endrin in 
their metabolism and growth, or were not affected by these Endrin 
concentrations. Thus, these 3 organisms were cultured in duplicate in 
a basal salt medium, Burk's Medium, Burk's medium with sucrose as a 
carbon source, Burk's medium with 1,000 ppm Endrin as the sole carbon 
source, and finally Burk's medium with hexane as the sole carbon source. 
..The results are shown in Table V. They showed that these 3 organisms 
could be grown using a normal carbon source and Endrin as the 
carbon source, but could not be g’-cwn in the absence of a carbon source 
or when utilizing hexane. The sucrose medium served as a positive 
control, except for the Pseudomonas organism, which did not grow on 
sucrose. The Burk's medium served as a negative control, eliminating 




Assay of Aerobacter aerogenes , Azotobacter vinelandii, and 
Pseudomonas aeruginosa strain 0 for growth in the presence and 
absence of a carbon source and Endrin
Text Organism*** *Burk's Burk's Med. Burk's Med. Burk's Med.
No. Med. no Sucrose (C) Endrin (C) Hexane (C)
C source source v source source
#1 #2
1 Aerobacter aerogenes -H- (1) + + (2)
Azotobacter vinelandii + + +
Pseudomonas aeruginosa - - - ■ - + .+
2 Aerobacter aerogenes H" + +
Azotobacter vinelandii + + ±  (3)
Pseudomonas aeruginosa + +
3 **Mineral Salt Medium
Aerobacter aerogenes + + +
Pseudomonas aeruginosa ___ ___  ___  ___
* (NHA^SO^ added to Burk's medium to provide a nitrogen source.
** Mineral salt medium substituted for Burk's medium containing a 
nitrogen salt.
(1) -H- = good growth (very turbid)
(2) + = poor growth (slight turbidity)
(3) + = very slight growth (very slight turbidity)
(4) = no growth (no noticeable turbidity)
*** All organisms are pure strain cultures obtained from the American 
Type Culture Collection, Washington, B. C.
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No growth in the tubes utilizing hexane as a carbon source indicated 
that hexane could not be used as the sole carbon source. -Thin was 
important because Endrin was dissolved, in hexane. Endrin in Burk's 
medium showed positive results, and this.indicated that the organisms 
were utilizing Endrin in sorne way to grow and reproduce. Since the 
possibility that they were using any other carbon sources had been 
practically eliminated, it appeared that these organisms were utilizing 
Endrin as their sole carbon source.
Further investigations were undertaken to substantiate these 
results,and the results were tabulated in Table VI. Aerobacter aero­
genes was grown in various media at 37°C for 7 days. These cultures 
were then transferred to various other media, cultured at 37°C and 
observed 7 days later. Cultures grown on Burk's medium with 1,000 ppm 
Endrin were transferred to fresh Burk's medium with 1,000 ppm Endrin 
which resulted in enhanced growth. This seemed to eliminate the poss­
ibility that there was a carry-over of residual carbon which allowed 
growth, as enhanced growth was obtained in fresh Burk's medium with 
Endrin as the sole carbon source. The possibility existed that 
Aerobacter aerogenes cultures were just a dying or dead culture; 
therefore, samples were transferred from Burk's medium with 1,000 ppm 
Endrin to Difco Bacto-Nutrient Broth, which produced greatly enhanced 
growth as could be expected. Another check on the growth character­
istics of Aerobacter aerogenes cultures was perfoi*med by transferring 
samples grown on Difco Bacto-Nutriert Broth to Difco Bacto SS agar 
and to Difco Bacto-Tryptose Agar. No growth was obtained on the 
SS agar,while enhanced growth.was obtained on the rryptose agar.
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TABLE VI
Assay of Aerobacter aerogenes by transferring growing 






^ • Aerobacter aerogenes
6 . Aerobacter aerogenes
transferred from Burk's medium enhanced 
and Endrin to fresh Burk's growth
Medium and Endrin (1,000 PPM).
transferred from Burk's Medium greatly
and Endrin (1,000 PPM) to enhanced
Bacto-Nutrient Broth. growth
transferred from Burk's medium no
and Endrin (1,000 PPM) to growth
Bacto SS Agar
transferred, from Bacto-Nutrient no 
Broth to Bacto SS Agar growth
transferred from Bacto-Nutrient enhanced 
Broth to Bacto Tryptose Agar growth
transferred from Bacto-Nutrient no 
Broth to Burk's Medium and growth
Hexane as carbon source
7' Aerobacter aerogenes transferred from Bacto-Nutrient enhanced
Broth to Burk's Medium and growth
Endrin in water as carbon source
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The results indicated that the SS agar would not: support growth of 
Aerobacter aerogenes which had been subjected to the above conditions.
In most Endrin extraction procedures for gas chromatographic work, 
hexane was used, therefore a check was run again on the possibility 
that Aerobacter aerogenes might use hexane as a carbon source. Samples 
grown on Difco Bacto-Nutrient Broth were transferred to Burk's medium 
with 1,000 ppm Endrin in water and Burk's medium with hexane as the 
sole carbon source. No growth with hexane as the carbon source was 
demonstrated, but enhanced growth was evident for samples with Endrin 
as the carbon source. It was concluded from these results that these 
organisms which either seemed to be utilizing Endrin as a carbon source 
in their metabolism and growth or showed a resistance to Endrin should 
be investigated by gas chromatographic analyses. Specifically, 
quantitative studies were undertaken to determine the amount of Endrin 
utilized by these various organisms in their growth- and reproductive 
processes. The organisms best suited and selected for these studies 
were Aerobacter aerogenes, Pseudomonas aeruginosa, and 3 marine organisms 
obtained from Velsicol Chemical Corporation. These marine organisms 
labeled la, 8a, and 62a were organisms which Velsicol had obtained 
during their various explo.rative samplings throughout the Atlantic 
Ocean.
The above organisms were grown in Burk's medium fortified with 
nitrogen and utilizing Endrin as the sole carbon source. Endrin was 
added in a concentration of 1,000 ppm. After the medium was autoclaved , 
and the appropriate amount of Endrin was added, the various organisms
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were inoculated and the cultures were incubated at 37°C. These cultures 
were incubated for 1, 2, 3, and k weeks.■ After incubation the inoculated 
samples and the controls were tested for the Endrin present. The Endrin 
was extracted and injected into a gas chromatograph for-these quanti­
tative determinations.
Endr i n ut i1i zat i on ^
The results of these tests were then compared to Endrin standards 
that were injected at the same time. It can be seen from the results 
in Tables A, B, C, and D of the appendix that Endrin was utilized by 
these organisms, enabling them to grow and reproduce. Comparison of 
the data on inoculated tubes with the control tubes showed that there 
was either a substantial loss or utilization of Endrin by these 
organ i sms.
As seen in Tables A, B, C, and D of the appendix the percent 
utilization of Endrin does not seem to increase with'time upon exam­
ination of the results with Aerobacter aerogenes over a k week period. 
During the first week of incubation it ranged from 7.91% to 27.5% 
utilization. After k weeks of incubation, the percent utilization was 
still approximately the same. The marine organism .laseemed to have a • 
steady utilization ranging from 30.97% utilization for 1 week to 31.0*+% 
utilization for 4 weeks incubation. The marine organisms 8a and 62a 
seemed to maintain approximately the same amount of Endrin utilization 
as the incubation time increased over the k v/eek period. For instance, 
the percent utilization of Endrin by 8a ranged from 23.8% to 38.2% the 
first v/eek to 26% after 3 and k weeks incubation. Similarly the 
marine organism 62a had a percent utilization of 2.8.3% to *:0.2% for
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TABLE VII
Utilization of Endrin after 1 week incubation by 
Aerobacter aerogenes, marine organisms la, 8a, and 62.a. ̂








(ng) (7o) (ng) (70
Control 2.74 -- 1.35 --
Aerobacter
aerogenes
2.54 14.04 1.16** 21.90
la 2.04** 30.96 0.72** 50.60
8a 2.19** 27.66 0.91** 37.70
62a 2.04** 30.70 0 .88** 39.10
Values are averages of 3 replications.
** Significantly lov;er than control (P<0.01), Snedecor (1962).
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TABLE VIII
Utilization of Endrin after 2 weeks incubation by Aerobacter 
aerogenes, marine organisms la, 8a, 62a, and Pseudomonas 
aeruginosa.








(ng) a) (ng) <%)
Control 3,35 — 3.12
Aerobacter 2 .93** 20.10 2.89** 11.70
aerogenes
Pseudomonas 3.41 6.86 2 .91.** 10.67
aeruginosa
la 2.61** 28.7 0 2.03** 37 .90
8a 2.60** 28.9 0 2.52** 22.8 0
62a 2.62** 28.20 2 .28** 30.40
1 Values are averages of 2 replications
** Significantly lower than control (P^O.OJ.) sacdecor (1962).
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TABLE IX
Utilization of Endrin after 3 weeks incubation by Aerobacter
aerogenes, marine organisms la, 8a, 62a, and Pseudomonas
aeruginosa. •*- .








(ng) (%) (ng) (%)
Control 3.75 3.73 ---
Aerobacter
aerogenes
3.09** 23.3 0 3.26* 17.6 0
Pseudomonas
aeruginosa
3.58 10.37 3.61 8.10
la 2.90** 26.87 2.7 5* 29 ,87
8a 3.31** 17.25 3.16* 19.4 0
62a 3.08** 21.70 3.00* 23.5 0
Values are averages of 2 replication.
** Significantly lower than control (P<0.01) Snedecor (1962). 
* Significantly lower than control (P^0,05) Snedecor (1962).
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TABLE X
Utilization of Endrin after 4 weeks incubation by Aerobacter
aerogenes, cjiarine organisms la, 8a, 62a, and Pseudomonas
aeruginosa.








(ng) (%) (ng) (%)
Control 3.17 -- 3.43 ---
Aerobacter
aerogenes
2.80 14.40 2 .95* 19.00
Pseudomonas
aeruginosa
3.00 7.90 3.27 10.30
la 2 .26** 30.70 2.40** 34.10
8a 2 .66* 18.40 2.75** 24.50
62a 2.69* 17.80 2.42** 33.80
^ Values are averages of 2 replications
** Significantly lower than control (P<0.01) Snedecor (1962). 
* Significantly lower than control (P<0.05) Snedecor (1962).
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1 week incubation and a high of 34.5% for 4 weeks incubation.
The percent utilization of Endrin by Pseudomonas aeruginosa 
ranged from 4.0371 to 10.75% and 10.97, utilization for 2, 3, and 
4 weeks incubation, respectively. Statistical analysis in Tables 
VII, VIII, IX, and X revealed that in almost all tests, the utiliza­
tion of Endrin by Aerobacter aerogenes, marine organisms la, 8a, and 
62a were found to be significant at the 1% level. In 2 cases, the 
utilization of Endrin by Aerobacter aerogenes was found to be signi­
ficant at the 5% level, while the utilization, of Endrin by Pseudomonas 
aeruginosa was found to be significant in only one test at the 1% 
level. From these results, with the exception of Pseudomonas ' 
aeruginosa, it can be assumed that these organisms were capable of 
reducing the amount of Endrin present when compared to the control 
sample, even though they utilized the Endrin at different rates. 
Volatilization studies
The question arises as to whether the decrease in the amount of 
Endrin was actually due to utilization by the microorganisms or by 
volatilization. Thus, experiments were set up in which Endrin loss by 
volatilization was compared to the loss due to microorganism 
utilization.
Tables XI and XII show that the maximum Endrin loss due to 
volatilization alone in 4 weeks was 11.8%, while the Endrin utilization 
bj' Aerobacter aerogenes was as high as 27.8% of the original Endrin 
present. This indicated that although some Endrin was lost due to 
volatilization, a far greater amount was lost when the organism was 
present at the end of the 4th week This finding confirmed that the 
loss of Endrin was attributable mainly to the presence of the microorganisms.
TABLE XI






Lo'ss Test II 
(Endrin)
(ng) a ) (ng)
0 Time 3.76 — 3:44
1 week 3.52 6.3 3.24
2 weeks 3.76 0.0 3.42
3 weeks 3.31 11.7 3.37
4 weeks 3,30 11.8 3.06
Aerobacter aerogenes
















Xoss ■ Test- II 
(Endrin)
LOS!
(ng) <%) (ng) <%)
0 Time 3.37 3.17 ---
1 week 3.22 4.4 3.03 4.4
2 weeks 3.11 7.7 2.96 6.6
3 weeks 3.15 6.9 3.00 5.6
4 weeks 3. 07 8.8 2.95 7.0
A erobacter aerogenes
(4 weeks) " “ 2.79 17.2 2.60 18.0
32
Tables XIII and XIV compare the Endrin loss due to volatilization to 
the loss due to the presence of Aerobacter aerogenes and marine organism 
la at the end of 1, 2, 3, and 4 weeks respectively. In these tests the 
loss of Endrin due to volatilization was. as high as 7.17=,, while the loss 
of Endrin due to the Aerobacter aerogenes was as high as 23.47.. The 
greatest percent loss was found when the marine organism la was used.
This organism consistently utilized or reduced the amount of Endrin 
from 257. to almost 50%. From the results in Tables XI, XII, XIII, and 
XIV, it seemed evident that the loss of Endrin due to the presence of 
the microorganisms was greater than the loss due solely to volatili­
zation of Endrin.
Thus the difference in loss of Endrin due to volatilization as 
compared to Endrin utilization when Aerobacter aerogenes and la marine 
organism were present confirmed that these bacteria actually were degrad­
ing the Endrin molecule and utilizing it in their metabolism and growth.
Tables XV and XVI compare the loss of Endrin due to volatilization 
and the loss due to Aerobacter aerogenes, Pseudomonas aeruginosa, 
marine organisms la, 8a, and 62a.
These tests again clearly indicate that Endrin utilization was much 
greater when the organisms were present than when they were absent.
It can be seen from the results of these tests that the marine organism 
la consistently utilized the highest percentage of Endrin while Pseud­
omonas aeruginosa utilized the least. Graphically presented in 
Figures 2, 3, 4, 5, and 6 are the ue.nograms of Endrin that were 
utilized by the various organisms at weekly intervals over a 4 week 
period. These graphs show that there was a defrrite loss of Endrin in
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TABLE XIII
Percent Endrin loss by volatilization as compared to 








(ng) (%) (ng) m a)
0 Time 3.25 **•**■ -- -•— --- —
1 Week 3.17 2.4 3.13 3.7 2 . 26 30.4
2 Weeks 3.20 1.4 3.10 4.6 1.72 46.1
3 Weeks 3.15 3.0 2.98 7.9 1.68 45.2.
4 Weeks 3.24 1.0 2.91 10.5 2.15 33.8
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TABLE XIV
Percent' Endrin loss by volatilization as compared to 








(ng) (70 (ng) (7o) (7>)
0 Time 3.75 --- --*•
1 Week 3.65 2.6 2.87 23.4 • 1.82 48.6
2 Weeks 3.70 1.2 3.34 10.9 2.10 46.6
3 Weeks 3.75 0.0 3.25 13.7 2.00 49.3
4 Weeks 3.50 7.1 3.04 ■ 19.0 2.23 40.6
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TABLE XV
Endrin loss by volatilization or organisms Aerobacter




Loss by volatilization and uti 
microorganisms •
(ng) _ (%)
0 Time (Control) 3.00
1 Week (Control) 2.78 6.6
Aerobacter aerogenes 2.41 19.6
Organism la 1.73 42.3
Organism 8a 1.73 42.3
Organism 62a 1.62 46.0
Pseudomonas aeruginosa 2.65 11.6
Organism la (dead) 2.75 6.8
2 Weeks (Control) 2.79 7.0
Aerobacter aerogenes 2.43 19.0
Organism la 2.01 33.0
Organism 8a 2.20 26.6
Organism 62a 1.99 33.6
Pseudomonas aeruginosa 2.69 10.3
3 Weeks (Control) 2.74 8.6
Aerobacter aerogenes 2.54 15.3
Organism la 1.72 42.6
Organism 8a 2.27 24.3
Organism 62a 2.00 33.3
Pseudomonas aeruginosa 2.69 10.3
4 Weeks (Control) 2.83 5.6
Aerobacter aerogenes 2.19 27,0
Organism la 1.85 38.3
Organism 8a 2.14 28.6
Organism 62a 2.00 33.3
Pseudomonas aeruginosa 2.61 19.0




Texts of Significants of treatments of 
* Tables XV and XVI.














** Significantly lower than control (P<0.01).
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TABLE XVI •
Endrin loss by volatilization or organism Aerobacter
aerogenes , marine organisms la, 8a, 62a, and Pseudomonas
aeruginosa,
Incubation Time Endrin Loss by volatilization
recovered and util, by microorganisms
(ng) (%)
0 Time (Control) 3.55













Weeks (Control) 3.11 10.7
Aex'obacter aerogenes 2.64 25.6
Organism la 1.29 63.6
Organism 8a 2.64 25.6
Organism 62a 1.58 55.3
Pseudomonas aeruginosa 2.94 14.3























Organism la (dead) .




1 week0 time k weeks3 weeks
Figure 3 Endrin utilisation by Pseudomonas aeruginosa 
over a 1- week oeriod.
u>
i week 2 weeks 3 weeks 4 weeks
Figure 4 .Ersdrin utilization by marine organism la 





Figure 5 Endrin utilization 'ey marine organism 8a 
over a 4 week period.
3
2
4 weeks2 weeks1 week0 time
Figure 6 Sndrin utilization t v  m a r i n e  o rganism 6.2a 
.over a ^ w e e k  period. .ti­ro
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the presence of each one of the microorganisms as compared to the control. 
Statistical analysis of Tablex XV and XV I - indicated.that the utilization 
of Endrin by Aerol>acter aerogenes, marine organisms la, 8a, and 62a was 
s ign i f i cant at the 1% 1evel, wh i1e ut i1i zat i on by pseudomonas aerug i nosa 
was not significant.
Eobichen and Saschenbrecker (1967) thought the various reports of 
biodegradation of insecticides were due to simple chemical redox 
reactions and not due to any action of microorganisms. The possibility 
existed i.hat in the presence of dead organisms alone, utilization of 
Endrin could also occur. Tests were run with the marine organism la 
that had been previously killed by autoclaving. This study confirmed 
that there was no difference between the utilization of Endrin by the 
control and the dead organism.
Threse studies indicated that there was a definite reduction in the 
level of Endrin when Aerobacter aerogenes, Pseudomonas aeruginosa, and 
marine organisms la, 8a, and 62a were grown in the presence of Endrin 
as" the sole carbon source. These investigations also revealed that 
the greatest reduction in the level of Endrin occurred during the first 
week of incubation.
The loss of Endrin due to volatilization was insignificant to the 
reduction in the level of Endrin resulting from incubation with 
Aerobacter aerogenes, marine organisms. 1 a , 8a, and 62a. Similarly the 
loss of Endrin due to the presence of dead microorganisms was insignifi­
cant to the reduction resulting from the incubation of Aerobacter 
aerogenes, marine organisms la, bs, and 62a with Endrin and parallels 
the normal reductior found in the controls. Therefore, it is quite 
evident that Aerobacter aerogenes, the marine organisms la, 8a, and 62a
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possess the ability to utilize Endrin for growth and reproduction.
These results are indicative that Endrin was utilized by the micro­
organisms. There are at least two possible theories which could explain 
this phenomena. The first possibility is that the Endrin molecule in 
its entirity entered the bacterial cell where it was biodegraded by 
enzymatic action and utilized.
Another possibility could involve the production of extracellular 
enzymes by the bacterium which causes a part or the entire molecule to 
be decomposed in the medium. The biodegraded carbon chain or an essen­
tial portion then could enter the bacterial cell as a carbon source, 
utilizing intracellular enzymatic pathways for reproduction and growth.
EiTher of these theories or a combination of the two would tend to 
explain the biodegradation of Endrin. Either one of these theories is 
acceptable since no partial degradation products of Endrin are recovered 
in the extraction process. However this does not exclude the possibility 
that other degradative products may be present in such minute quantities 
that the recovery is beyond the sensitivity of the procedures.
This investigation solves the initial problem and opens the way for 
future work which is necessary in the area of biodegradation of insecti­
cidal residues. It is quite possible that there are other organisms 
possessing the ability to utilize Endrin as a carbon source for metabo­
lism and growth. These organisms should be found and assayed. Although 
it was not within the scope of those investigations, it is quite obvious 
that future work is absolutely necessary to isolate and identify those 
enzymes and elucidate the nature of biochemical mechanisms involved in 




One of the major problems of the United States Public Health 
Service is the increasing incidence of pesticides causing damage to 
plant and animal life. Thu^ a number of organisms'-were surveyed 
to determine their tolerance to the pesticide Endrin. The results 
of this survey indicated that only a relatively few organisms were 
able to withstand high concentrations of Endrin.
Aerobacter aerogenes and Pseudomonas aeruginosa were chosen for 
further study because they were able to grow in Endrin concentrations 
as high as 3,000 ppm.
Along with these 2 organisms, 3 marine organisms la, 8a, and 
62a were included in the studies. The organisms were then incubated 
with Endrin as the sole carbon source. After periods of incubation 
ranging from 1 to 4 weeks the remaining Endrin was extracted and 
determined quantitatively on a gas chromatograph. The results showed 
that all of the organisms were able to use Endrin as a carbon source 
for growth and reproduction.
. . Aerobacter aerogenes utilized up. to 27.7°L of the Endp.in sample,
and the marine organism la utilized as much as 55.3% of the Endrin 
sample as compared to a control sample.
The other organisms? Pseudomonas aeruginosa, the marine organisms 
8a and G2a? all utilized Endrin to some extent although quantitatively 
not as much as the marine organism la.
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The organism 8a was able to reduce the amount of Endrin up to
43 .67o and the organism 62a as much as 51'. 2%'when compared to the control
sample.
Pseudomonas aeruginosa was not able' to reduce the amount of 
Endrin as much as the others. In most cases this organism was only 
able to utilize a maximum of 10% of the Endrin as compared to. the 
control sample.
Statistical analysis of the. results showed that the utilization 
of Endrin by Aerobacter aerogenes, marine organisms la, 8a, and 62a 
was significant at the 1% level in almost all tests, while P seudomonas 
aeruginosa was found to significantly reduce the amount of Endrin in 
only 1 test when compar~ed to a control sample.
From those results, it appears that there is a definite relation­
ship between the microorganisms studied and utilization of Endrin as 
a carbon source for growth and reproduction and this relationship 
should be considered in all future evaluations of insecticidal 
research.
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The following is a list of organism, used in this research:
Staphylococcus aureus 
Escherichia coli 
Bacillus sub tilis 
Aerobacter aerogenes 
Azotobacter vinelandii, Strain 0 





















Marine Organism #la 




The following media were used to carry out this investigation.
1. Difco Bacto Nutrient Broth:
Bacto-Beef Extract ---------- ---------------------  3 gms .
Bacto-Peptone --------------------- ■----------------  5 gms.
dissolved in 1,000 ml. of distilled water
2. Burk's Mineral Salt Solution, pH 7.2-7.4
KII2P04 ------------------ --------------------------- 0.2 gms.
K2HP04 — .............................. ............  0.8 gms.
MgS04 .7H20   -----...... .... ........... 0.2 gms.
CaS04 .2H20----------- ------ ------------ ------------  0.1 gms.
Na2Mo04 .2H20      - 0.0033 gms.
FeS04 .7H20 -----------------------------------------  0.005 gms;
*(nh4)2so4 .....-....... -....... ..... ...... ..... 0.1%
dissolved in 1,000 ml. of distilled water
*When growing A zotobacter 0.1% (NH4 )2S04 was not added to the 
above solution.
3. Difco Bacto Mycological Broth:
Bac to-Soytone -------------------------------------- 10 gms .
Bacto-Dextrose ------------------------------------  40 gms.
dissolved in 1,000 ml. of distilled water
4. Mineral Salts Medium, pi-17 . 0
KH2P04 ................................ ............  0.1%
NP/.liOv  -------   — -------------- - -------------0 . 1 %
i-T -
MgS04 -------    ;---------------  0.05%
in 1,000 ml. distilled water
Difco Bacto Tryptose Agar:
Bacto-Trj'ptose ---------------- -------------------  20 gms.
Bac to-De'xt rose ----------------------------------- 1 gra.
Sodium Chloride  --------- .-------------------  5 gms.
Bacto-Agar ---------------------------------------  15 gms.
Thiamine Hydrochloride ----------------- 7-------  0.005 gms.
suspended in 1,000 ml. distilled water and heated 
Difco Bacto SS Agar
Bacto-Becf Extract ------------------------------  5 gms.
Proteose Peptone, Difco ---- ■------------- ------- 5 gms.
BacLo-Lactose ------------------------------------  10 gms.
BacLo-Bile Salts No. 3----------------------------  8.5 gins.
Sodium Citrate ----------------------------------- 8.5 gms.
Bacto Agar ------------------- --------------------  13.5 gms.
Sodium Thiosulfate -----:--------------------8.5 gms.
Ferric Citrate ----------------------------------- 1 gm.
Bacto-Brilliant Green ------ --------------------- 0.00033 gms.
Bacto-Neutral Red -------------------------------  0.025 gms.
suspended in 1,000 ml. distilled v?ater and heated
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TABLE A
Replication studies of Endrin utilization after 1 week
incubation by Aerobacter aerogenes, marine organisms la3
8a, and 62a.
Organism Replica- Test 1 Util, by Test II Util, by
tions (Endrin) organisms (Endrin) organisms
(ng) ■(%) (ng) (%)
Control (0 time) 2.943 -- 1.458 --
(1 week) 2.740 6.7 1.351 7.3
Aerobacter (1) 2.377 19.2 1.206 17.3
aerogenes
(2) 2.717 7.9 1.156 20.7
(3) 2.528 15.0 1.055 27.7
la (1) 1.955 33.9 .653 55.3
(2) 2.263 23.1 .704 51.7
(3) 1.886 35.9 .804 44.8
8a (1) 2.243 23.8 .914 37.4
(2) 2.100 31.9 .900 38,2
(3) - 2.240 27.3 .910 37.6
62a (1) 2.107 28.3 .873 40.2
(2) 1.950 33.6 .894 38.6
(3) 2.050 30.2 .895 38.6
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TABLE B
Replication Studies of Endrin utilization after 2 weeks
incubation by Aerobacter aerogenes, marine organisms la, 8a,
62a, and Pseudomonas aeruginosa.
Organism Replica- Test 1 Util, by Test II Util, by
tions (Endrin) Organisms (Endrin) Organisms
(ng) (%) (ng) (%)






Aerobacter C D 2.867 21.7 2.916 10.8
aerogenes
(2) 2.980 18.6 2.854 12.7
la (1) 2.678 26.9 2.061 37.0
(2) 2.542 30.5 2.000 38.8
8a (1) 2.641 27.8 2.564 21.5
(2) 2.561 30.0 2.471 24.1
62a (1) 2.641 27.8 2.262 30.8
(2) 2.612 28.6 2.300 30.1
Pseudomonas (1) 3.513 4.0 2.966 9.2
aeruginosa
(2) 3.315 9.7 2.871 12.1
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TABLE C
Replication studies of Endrin utilization after 3 weeks
incubation by Aerobacter aerogenes, marine organisms la,




















Aerobacter (1) 3.24 21.5 3.33 16.7
aerogenes
(2) 2.93 25.1 3.19 18.5
la (1) 2.95 26.2 2.71 31.0
(2) 2.85 27.5 2.80 28.7
8a (1) 3.52 12.0 2.89 26.0
(2) 3.10 22.5 3.42 12.9
62a (1) 3.23 16.7 3.10 21.1
(2) 2.93 26.7 2.91 25.9
Pseudomonas (1) 3.57 10.75 3.71 5.6
aeruginosa
(2) 3.60 10.00 3.50 10.7
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TABLE D
Replication .studies of Endrin utilization after 4 weeks
incubation by Aerobacter aerogenes, marine organisms la,
Sa, 62a and Pseudomonas aeruginosa.
Organism Replica- Test 1 Util, by Test II Util, by
tions (Endrin) Organisms (Endrin) Organisms
(ng) (7c) -(ng) (%)






Aerobacter (1) 2.87 12.2! 3.00 17.8
aerogenes
(2) 2.73 16.5 2.91 20.2
la (1) 2.21 32.4 2.39 34.5
(2) 2.31 29.1 2.41 33.8
8a (1) 2.72 16.8 2.82 22.7
(2) 2.61 20.1 2.69 26.3
62a CD. 2.73 16.5 2.39 34.5
(2) 2.64 19.2 2.44 33.1
Pseudomonas (1) • 3.01 7.9 3.30 9.8
aeruginosa
(2) 3.00 7.9 3.25 10.9
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